Friction
1) A mountain climber stops during the vertical ascent of a mountain face. Sketch all the forces acting on

the climber,and w h e r e those forces are acting.

2) The magnitude of the applied force on a desk is 165 N and 30.0° below the horizontal. If the desk
remains stationary, calculate the force of static friction acting on the desk. [143 N [180°]]

x diraction y direction
Fou, = Fopp, + Fi,a, F. =Fy+F, +F
Fuu, = Fupp + Fi Frw =0
0 = Fup, + Fe, Calculations in the y direction

are not required in this problem.

= —[165 Miloos #)
= —[168 Mlicos 30.0%)
- —143 M

F; pravents the desk from sliding in the x direction. The

nalnlﬁéniva value for Fy__ indicates that the direction of Fy__

ie along the negative x-axis or [180°].
Fi,. = 143 N [180°]

3) Aforce of 31 N [forward] is needed to start an 8.0-kg steel slider moving along a horizontal steel rail.
What is the coefficient of static friction? [0.40]

F,,,= 31 N [forward]
g =9.81m/s’ [down]
m =8.0kg
Required
coefficient of static friction (us)



Since the slider is not aceelerating. £, = 0 N in both the horizontal and vertical
directions. Write equations to find the net force on the slider in both directions.

horizontal direction vertical direction
ﬁmh = Fapp + Ffm fwr = F, + Fg
Foiy = Fpp + F_ Fo =FR*F
0 =31 N+ (—uFw) 0 = F; +(-mg)
=31 N - u:Fn = Fy; —mg
sFy =31 N E;, =mg

Substitute F, = mg into the last equation for the horizontal direction.

umg =31 N
31N

mg

Hs =

31N

Hs = f m |
(8.0 kg)|9.81 7

I
=
e
=

4) A biker and his motorcycle have a weight of 2350 N [down]. Calculate the force of kinetic friction for the
rubber tires and dry concrete if the motorcycle skids. [2.0 x 10* N [backward]]

F, =2350 N [down] F =9.81ms [down]
= 0.7 from Table 3.4 (rubber tires on dry concrete)
Required

force of kinetic friction {ﬁ'fky_ )

Since the system is skidding, £ # 0 N in the horizontal direction, but £_ =0

N 1in the vertical direction.
Calculate F_ .

Fﬁ—_mic = _.“kFN
= —mg
=—(0.7)(2350 N)
=-2x10°N

F, =2 10° N [backward]




5) Aforce of 15 N [S] moves a case of soft drinks weighing 40 N [down] across a level counter at constant
velocity. Calculate the coefficient of kinetic friction for the case on the counter. [0.38]

F_=15N[s]

F, =40N ﬂ[down]
a =0m/s
Required

coefficient of kinetic friction (a)

Since the case is moving at constant speed, £, = 0 N in both the horizontal and

vertical directions.
Write equations to find the net force on the case in both directions.

horizontal direction vertical direction
th = Fapp + F}Hm -‘Em., =F + fg
Fpoy = Fup * Fo_ Fo, = Fy* F,
0 =15N+ (—uFx) 0 =F; - (-40N)
= 15N - i Fy = F; —40N
wFy =15N F, =40N

Substitute F; = 40 N into the last equation for the horizontal direction.
m(40N) =15N
15
oy = b
40 X
=0.38




6) An applied force of 450 N [forward] is needed to drag a 1000-kg crate at constant speed across a
horizontal, rough floor. Calculate the coefficient of kinetic friction for the crate on the floor. [4.59 x 107

F__ =450N [forward]

app
g =9.81 m/s’ [down]
m = 1000 kg
i =0m/s
Required

coefficient of kinetic friction ()

Since the crate is moving at constant speed, F,, = 0 N in both the horizontal and

vertical directions.
Write equations to find the net force on the crate in both directions.

horizontal direction vertical direction
ﬁueth = F:.—_pp + 'F;‘_‘_.n Fue‘t‘. = F_\' * Fz
Fﬂéth = Fapp * 'F;;_.m Fﬂﬁtr =BT Fg
0 =450N + (- Fy) 0 = F; +(-mg)
=450 N — 14.Fy = F;, —mg
ey =450N F;, =mg

Substitute F; = mg into the last equation for the horizontal direction.
rgmg =450N
450N

mg

e =
450 N

(1000 kg){9.81 33

%oygég
- _ _
{umoygﬂgslig‘
A

=4.59 « 107




7) A 1640-kg forklift with rubber tires is skidding on wet concrete with all four wheels locked. Calculate the
acceleration of the truck. [5 m/s? [backwards]]

m = 1640 kg g = 9.81 m/s® [down]
pp = 0.5 from Table 3.4 (rubber on wet concrete)
+
up
+
Dachwardv—l—vfurward
_f‘:m down
Fu
F
T":g FnatUZU
A Figwre 3.94
horizontal direction vertical direction
Fneth = Ffum-“ -Fnat,, = Fy +-Fg
-Fnet,, = FEL-,H“{ Fnat,, =Fy+ Fg
ma = Fy_ 0 = Fy + (—mg)
= —w,Fy = Fy — mg
Fy = mg
Substitute Fy = mg into the equation for Fy_ .
mla = —pmg
a = —pg

] m
—[0.5][..9.81 ?)

= —5 m/s?

The negative value for a indicates that the direction of ais
backward.

a = 5 m/s® [backward]




8) A pair of skis weigh 15 N [down]. Calculate the difference in the maximum force of static friction for the
skis on a wet and dry snowy, horizontal surface. [2 N [backward]]

F, =15N [down]

s = 0.06 from Table 3.4 (waxed hickory skis on dry snow)
. = 0.20 from Table 3.4 (waxed hickory skis on wet snow)

Required
difference in the maximum force of static friction on wet and dry snow (A% _ )
sams

Since the skis are not accelerating, F,_, = 0 N both in the horizontal and vertical
directions.
Calculate F;  on each surface.

-F%srai: = _"hquN
= —p;mg
Dry Snow Wet Snow
£, = —Msmg F = =-—usmg
=—(0.06)(15 N) =—(0.20)(15N)
=—0.90N =-30N
ﬁ'fm: = 0.90 N [backward] F;  =3.0 N [backward]

Calculate the difference between the two values of F_ .

AF .

Tstatic

JON-090N

2N
2 N [backward]

f:iu:c




9) A sled with waxed hickory runners rests on a horizontal, dry snowy surface. Calculate the mass of the
sled if the maximum force that can be applied to the sled before it starts moving is 46 N [forward]. [8 x

10 kgl

xiven
'EEPP = 46 N [forward] § = 0.81 m/=® [down] i

i, = 0.06 from Table 3.4 + Y
(waxed hickory skis on dry snow) up + N

backward +fumard
Required ;
mass of sled (m) o N
Ef.!l:a‘l:i: FEFF’

Analysis and Solution
Draw a free-body diagram for the sled
(Figure 3.89).
Since the sled is not accelerating, F,,, = 0N
in both the horizontal and vertical directions.
Write equations to find the net force
on the sled in both directions. ._f;
horizontal direction vertical direction W

Foow = Fop + Fr Fo =Fy +F

e " f A Figure 3.89
Fuot, = Fapp + Fi. Foo, = Fy + F,
0 = Fyppt Fi,.. 0 = Fy + (—mg]
=Fapp+[;_|“'aFN] = Fy — mg
= Fapp — sFy Fy = mg
Fapp = P*a-FN

Substitute Fyy = mg into the equation for FiPP'

Fapp = M OE

Fapp

H=8

m =

46 N

[ﬂ.DE]{Q.BlE;]
\ 8

46 kg ;'1;
= , E)

[ﬂ.ﬂﬁ][ 9.81

!

=8 x 10" kg




10) Suppose the sled above is resting on a horizontal, wet snowy surface. Would the sled move if the
applied force is 125 N? Explain. [No, Fsatic > Fal

F,, =125 N [forward]
g =981 m/s” [down]

: = 0.20 from Table 3.4 (waxed hickory skis on wet snow)
m = 78 kg from Example 3.17

Since the sled is not accelerating in the vertical direction, £, = 0N.

Write equations to find the net force on the sled in both directions.

horizontal direction vertical direction
Fo =F, + F__ F. =FR+F
Fpo = Fpp + Fr_ F. =F+F

= Fpp T Fp 0 = Fy +(-mg)

= F, + (—usFy) = R —mg

= F,, — {sFn E;, =mg
Substitute F; = mg info equation for £, .
Fow, = Fpy — pisng

= 125 N - (0.20)(78 kg)(9.81 m/s’)

=—-28N

) . - .
Since F., 1snegative, Fy = F .
Paraphrase

The sled will not move on a wet snowy surface if an applied force of 125 N acts

on it.




11) An applied force of 24 N [forward] causes a steel block to start moving across a horizontal, greased steel
surface. Calculate the mass of the block. [16 kg]

=
Il

24 N [forward]
9.81 m/s* [down]
s =0.15 from Table 3.4 (steel on greased steel)

Since the block 1s not accelerating. F_, = 0 N in both the horizontal and vertical

directions. Write equations to find the net force on the block in both directions.

horizontal direction vertical direction
Py = Fp T B, P, =7 F
Fueth = F:‘pp + F;?:mi: Fu.et... = FN - Fg
0 =F, + B 0 = Fy +(-mg)
= Fpp + (—uFY) = A —mg
= F,, — usFx E;, =mg
Fapp = u:Fx
Substitute F; = mg into equation for F .
‘Fapp = Mg
m ==
g
24 N

(0.15)9.8137)

24 kg-g
NI
(0.15)[ 981 Zg/‘

oy

16 kg



12) A tractor and tow truck have rubber tires on wet concrete. The tow truck drags the tractor at constant
velocity while its brakes are locked. If the tow truck exerts a horizontal force of 1.0 X 10* N on the
tractor, determine the mass of the tractor. [2 x 10° kg]

a =0m/s
—_ _ ) 4 N
F,= 1.0 % 10" N [forward]

g =9.81 m/s’ [down]

. = 0.5 from Table 3.4 (rubber tires on wet concrete)
Required
mass of tractor (m)

Since the tractor is not accelerating in the vertical direction, £, =0N.

Write equations to find the net force on the tractor in both directions.

horizontal direction vertical direction
Fnet = ﬁ;pp - ﬁ;'kiu-- Fnet.- = j*:'N - }:g
Fo =Fg +F__ Fre, = Fx 7R
0 =F, + F__ 0 = F; +(-mg)
=Fn (—a:Fx) = Fy —mg
= F — PN Fy =mg
wmFy = F
Substitute F; = mg into equation for F_,.
amg = F,
Fopp
m =
g
_10x10°N
g

1.0x10* kg-?){

(0.5) 9.81 ff
!

=2 10° kg




13) A warehouse employee applies a force of 120 N [12.0°] to accelerate a 35-kg wooden crate from rest
across a wooden floor. The coefficient of kinetic friction for the crate on the floor is 0.30. How much
time elapses from the time the employee starts to move the crate until it is moving at 1.2 m/s [0°]. [1.9
s]

Given

Fapp= 120N [12.07]

m =35kg

e =0.30 X

g =9.81 m/s” [down]
v =1.2m/s [0°]
Required

elapsed time (Ar)

Resolve FEPP into x and y components.

Vector X component v component
3 (120 N){cos 12.0°) (120 N)(sin 12.0°)

app

Since the crate 1s accelerating in the x direction, F, #0Nbut £, =0N.

Write equations to find the net foree on the crate in the x and y directions.

x direction v direction
me = xlL-;})llx * kain:u FﬂEl. =Bt FZP:J,, - FE
me = FEPPx * kah:u FﬂEl. =Kt FZP:J, - FE

ma

(120 N)(cos 12.0%) + (—aFy) 0 = F; + (120 N)(sin 12.0°) + (-mg)
= (120 N)(cos 12.0°) — i Fx F; =mg— (120 N)(sin 12.0°)
= (35 kg)(9.81 m/s%)
— (120 N)(sin 12.07)

=318 N

Substitute F,; = 318 N into the last equation for the x direction.

ma = (120 N)(cos 12.0°) — (0.30)(318 N)
=219N
219N

T 35kg

=0.625 m/s’

The crate is aceelerating along the 0° direction.

a =0.625m/s” [07]
Calculate the elapsed time.

a

_Av
T Af
‘_If' ‘_1
TAr
0.625 m/ 2 1.2m/s -0
625 m/s” =7
1.2 E
Af = /:r{
0.625 —
o
=19¢
Paraphrase

The elapsed time will be 1.9 s,

11



14) A loaded dogsled has a mass of 400 kg and is being pulled across a horizontal, packed snow surface at a
velocity of 4.0 m/s [N]. Suddenly, the harness separates from the sled. If the coefficient of kinetic friction
for the sled on the snow is 0.0500, how far will the sled coast before stopping? [16 m]

m =400 kg
g =9.81 m/s” [down]
v, =4.0 m/s [N]

= 0.0500

Required

coasting distance of sled (d)

Analysis and Solution

Draw a free-body diagram for the sled.

Since the sled is coasting. E,, # 0 N in the horizontal direction. but £, = 0N in
the vertical direction.
Write equations to find the net force on the sled in both directions.

horizontal direction vertical direction
ﬁ’-‘*‘h - 'F;-:s:mi- F’-‘E‘\- - Ff" * FE
ma = —iFn 0 = F; +(-mg)
= Fy —mg
F, =mg
Substitute F; = mg into the last equation for the horizontal direction.
Wa =—p g
a = —ing .
=—(0.0500)(9.81 m/s”)
=—-0.49 m/s”
a =049 m/s” [S]

Since the sled coasts to a stop, caleulate the coasting distance of the sled.
(ve)- = [1'i)i + 2ad
0 =(w) +2ad
2ad =—(1'jf]3
_ =)
d =—5
2a
__—(4.0m/s -
T 2(-0.49 m/s7)
=16m
Paraphrase
The sled will coast for 16 m before it stops.
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